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Production of Coumarins from Maleic and Malic Acids' 
By G .  C. Bailey and F. Boettner 

RESEARCH DEPARTMENT, THE BARRETT CO., 40 RECTOR ST., NEW Y O R K ,  N. Y .  

The following work was undertaken in order to find out 
it it were possible to develop a commercial synthesis of 
coumarin from malic acid,2 and, if such a synthesis proved 
uneconomical, to determine whether other coumarin de- 
rivatives were of value as perfumes or flavors. As a matter 
of general interest a few condensations were attempted with 
maleic acid. 

The malic acid was the synthetic inactive acid made by 
the hydration of maleic acid obtained by the catalytic oxi- 
dation of b e n ~ e n e . ~  The m-cresol was of coal-tar origin 
and was partly separated from the para isomer by the method 
of F. Elger.4 

PROCEDURE 
The aliphatic acid was added to the phenol and condensing 

agent contained in a test tube inserted in an oil bath a t  the 
desired temperature. Foaming usually resulted upon stirring, 
and the solutions became yellow or orange colored. After 
the evolution of gas had ceased, the contents of the tube 
were poured over ice and the resulting precipitate filtered 
off, The precipitate, in the runs where phenol was used, 
was usually found to be fumaric acid. The filtrate was shaken 
up with ether and the ether solution examined for coumarin. 
The absence of the characteristic coumarin odor was con- 
sidered to be an indication of failure to secure that product. 

EXPERIMENTAL 
SERIES I-Equal weights of phenol and maleic acid were 

heated a t  temperatures ranging from 100' to 160°, for times 
ranging from 40 min. to 5 hrs., with 96 per cent sulfuric 
acid and with zinc chloride without securing any coumarin. 

SERIES 11-A number of runs were made with phenol 
and malic acid in a manner similar to the above without 
the isolation of any coumarin. Beside the condensation 
agents of Series I, the following were also tried: 100 per 
cent sulfuric acid, sodium acetate and zinc chloride, po- 
tassium acid sulfate, stannic chlorjde, pyridine in 100 per 
cent sulfuric acid, phosphorus pentoxide, and aluminium 
chloride. The manner of adding the ingredients was varied 
without securing the desired coumarin. 

SERIES 111-The authors followed the procedure of Fries 
and Klostermanns which was in general the same as that 
used in the preceding series, except that the precipitate 
which formed when the reaction mixture W R S  poured on 
ice was taken up in 50 per cent alcohol and crystallized. 
This gave a fairly pure 4-methylcoumarin, which became 
very pure upon one recrystallization from 50 per cent alcohol 
containing a little boneblack. The yields given in Table I 
are based upon the recrystallized 4-methylcoumarin of melt- 
ing point 128' C .  The unchanged cresol was regainedby 
steam distillation of the original filtrate. The malic acid 
which did not react with the cresol was entirely lost by this 
process, and no attempt was made to recover any products 
from it. 

Experiments showed that with a m-cresol of purity of 
84 per cent and a dry malic acid, a yield of approximately 
40 per cent of crystallized methylcoumarin could be obtained. 

1 Received May 13, 1921. 
2 Von Pechmann, B e ? ,  11 (1884), 929; Von Pechmann and Welsh, 

Ibid. ,  1646-52; Von Pechmann and Cohen, I b i d ,  2187-91; Clayton, J .  
Chcm. Soc , 93 (ISOS), 2016; Dey, I b i d ,  107 (1915), 1606; Simonis, Bey., 
48 (1915), 1583-85; Fries and Klosterman, I b i d ,  39 (1906), 871-5. 

8 Weiss and Downs, U S. Patent 1,318,633. 
4 F. Elger, assignor to  Hoffman-LaRoche & Co., U. S. Patent 1,025,615. 
5 LOG. cil. 

Th- best conditions found were those in which the cresol 
and sulfuric acid were mixed and the malic acid fed in slowly 
with the bath held a t  135" C. With a pure m-cresol the 
yield was about 54 per cent. If all the malic acid was added 
in one portion the yield was very greatly diminished. 
VALUE OB METHYLCOUMARIN AS A PERFUME AND FLAVORING 

EXTRACT 
TOXICITY-AS coumarin is a constituent of flavors used 

in foods, it was desirable to know the relative toxicities 
of coumarin and the methylcoumarin. The couinarin 
chosen for test was a product froin natural sources. The 
toxicity1 tests were carried out as follows, using the white 
mouse: The dose, which was injected subcutaneously a t  
the base of the tail, was calculated per gram of body weight. 
The mice were observed for a period of 1 wk. after inocu- 
lation. 

Coumarin and methylcoumarin are both insoluble in 
water. Fifty per cent alcohol will dissolve the substances, 
but this is extremely toxic to white mice. An inert sub- 
stance such as acacia had, therefore, to be chosen to emulsify 
the powders. The powders were ground to pass through 
a 40-mesh sieve and suspended in a 10 per cent solution of 
acacia in such dilutions that the injections would contain 
the doses indicated in the table. A control inoculation was 
given of the 10 per cent acacia. The suspensions were so 
gaged that the total amount injected was from 0.04 to 0 05 
cc. per g. of body weight. 

Weight of Dose per G. 
iMaterial Mouse Body Weight Time 
Tested Grams Grams Result Hrs. Min 

LMethylcoumarin 

Coumarin 

29 
20.5 
21.5 
22 
21 
22 
12.5 
13 
14 
24 
22 

10% Acacia 22 
(control) 

0.0010 
0.0020 
0.0030 
0.0040 
0.0050 
0.0002 
0.0004 
0.0006 
0.0008 
0.0010 
0.0050 

Survived 

Lethal 
Survived 
Lethal 

Survived 

Over night 

2 
2 45 
2 
2 15 
2 55 

The results as a whole turned out very satisfactorily 
indeed. It is safe to state that methylcoumarin is not more 
than one-tenth as toxic as coumarin when injected sub- 
cutaneously into white mice. The minimum lethal dose 
for white mice is between 4 and 5 mg. per g. of body weight 
for mrthylcoumarin, and, for the coumarin, between 0 . 2  
and 0 . 4  mg. per g. of body weight. 

PERFUME vALuE-The perfume value was tested by expert 
perfumers and said to be, in dilute solutions, of almost the 
same odor as the natural coumarin. The taste was similar 
but slightly less intense than the natural coumarin. The 
odor of the dry crystals was considerably less intense than 
the natural or synthetic coumarin. 

CONCLUSIONS 
I-No coumarin derivative was obtained from the action 

of phenol and maleic acid in the presence of dehydrating 
agents. 

2-Coumarin in no appreciable quantities was produced 
by the action of various dehydrating agents upon pheno1 
and malic acid. 

3-A study of the best conditions for the reaction of m- 
1 These tests were made by the Lederle Laboratories (now the Pease 

Laboratories) of 39 West 38th St., New York City. 
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Malic 
I Acid 

Grams 
Expt. Charged 

1 2 
2 5 
3 15 

4 25 
5 5 

6 5 

7 5 

Q r, 

m-Cresol 
84.24% 
Charged 
Grams 
3.5’ 
7 
14.3 

25 
5 

15 

HzSOd 
96% 

Charged 
Grams 

5.5 
21 
30 

50 
7.5 

15 

TABLI: I-ACTION OS ME? 

Time of Temp. 
Heating Bath 

Min. c .  
30 140 
240 140 
30 139 

125 135 
115 140 

255 140 

‘A -CRESOL AND MALIC ACID 
Yield 

Methyl- on Malic 
coumarin Charged 

Grams Per cent 
Trace i .‘i7 21.2 

3,6 20.4 

... None 
1.16 19.5 

2.02 33.9 

REM ARK s 

Malic acid added in one portion 
Malic acid fed in small portions 
&SO4 aqded to the cresol and 

malic acid 
Similar procedure to No,  3 
Cresol sulfonated at 25” and 

malic acid fed in slowly over 
period of 2 hrs. 

Cresol sulfonated at 140’ for 
20 min. and malic acid fed in 

~ 

slowly for 4 hrs. 
5 15 255 140 2.33 39 Duplicate of No. 6. In remainder 

of experiments malic acid was 
fed into the charge slowly 5 

1 46 per cent m-cresol charged. * 98 per cent m-cresol used, solidifying point 9.8’ C. 

” 15 180 136 2.354 39.4 Run made in wrought iron 
9 25 252 75 180 135-40 16.11 53.9 

cresol and malic acid in the presence of sulfuric acid for the 
production of methylcoumarin showed that a yield of 50 
per cent, reckoned on the malic acid, could be obtained 
with a very pure m-cresol, and about 38 to 40 per cent with 

an 84 per cent m-cresol. 
4-Both the toxicity and perfume values of the methyl- 

coumarin indicated that i t  could replace coumarin for flavors 
and perfumes. 

Condensation Temperatures of Gasoline- and Kerosene- Air Mixtures’” 
By Robert E. Wilson and D. P. Barnard, 4th 

R ~ S ~ A R C H  LABOKATORY OF APPLIED CHEMISTRY, MASSACHUSETTS INSTITUTE O R  TECHNOLOGY, CAMBR~EGE, MASS. 

OBJECT OF WORK 
A knowledge of the temperature at  which various mixtures 

of internal combustion engine fuels and air are completely 
vaporized, or just begin to condense, is of great importance 
in connection with the design of carburetors and intake mani- 
folds and the automotive fuel problem in general.<To secure 
satisfactory distribution betwee the different cylinders a 

by heating the fuel, the air, or the resulting mixture. If, 
however, the amount of heating is more than that required 
‘to vaporize the fuel, serious losses are encountered from the 
decreased capacity of the engine for the hot mixture, and the 
increased tendency toward knocking. From this standpoint 
i t  is important to know what minimum temperature must 
be reached in order to make possible complete vaporization, 
and then improve the efficiency of the mechanical devices 
for vaporization of the fuel until substantially complete 
vaporization is obtained without appreciably exceeding this 
theoretically minimum temperature. 

The suitability of kerosene and other fractions as fuels 
for internal combustion engines, the proper end-point for 
gasoline, and other important fuel problems, also depend 
to  a considerable extent upon the dew point of the fuel-air 
mixtures (the temperature a t  which vaporization is complete 
or a t  which condensation begins on cooling). 

In  spite of the obvious importance of this information, 
the writers have been unable to find any published information 
as to the dew point of mixtures of the commoner fuels with 
air in the customary proportions. In  fact, practically the 
only discussion of the problem is a very interesting recent 
article by Howard.* This paper points out the importance 
of t,he problem and describes some experiments on gasoline 
which lead the author to draw certain practical conclusions. 
Although these conclusions are sound, the experimental 
results do not give any definite information as to the con- 
densation point of gasoline under service conditions. There 
appear to be no data whatever on kerosene-air mixtures. 

fuel must be completely vaporized; \ This may be accomplished 

1 Presented before the Section of Petroleum Chemistry at  the Blst 
Meeting of the American Chemical Society, Rochester, N. Y., April 26 
‘to 29,1921. 

2 Published as Contribution No. 36 from Research Laboratory of Ap- 
plied Chemistry, Massachusetts Institute of Technology. 

I “The Volatility of Internal Combustion Engine Gasoline,” J .  Soc. 
.4ulomotioc Eng., 8 (February 19211, 145. 

METHODS OF DETERMININQ THE CONDENSATION POINTS 
OF FUEL-AIR MIXTURES 

The most direct method of determining the dew point 
of mixtures of air and, say, gasoline would be to introduce 
a small, accurately weighed amount of gasoline into a flask 
containing a known volume of air, close all outlets, raise 
the temperature of the mixture untiI the gasoline was com- 
pletely vaporized, and then cool very slowly until a mist 
of gasoline began to deposit on the walls of the flask; or, 
better, on an internally cooled mirror, such as that used by 
McBain’ in his work on soap solutions. By recording the 
pressure and temperature a t  which condensation began 
it should be possible to obtain a fairly accurate value for 
the dew point of a particular mixture at  a given pressure. 
The most serious objection to this method lies in the fact 
that a new sample must be accurately weighed out for each 
separate determination and that a large number of deter- 
minations must be made in order to determine the properties 
of a given fuel over the ordinary range of mixture ratios 
and pressures which are of interest. The Bureau of Stand- 
aTds has made some determinations by this method, but 
reports that the results thus far obtained are not considered 
satisfactory.2 

It might be suggested that the desired information could 
be obtained more simply by making vapor pressure measure- 
ments, as in the case of pure compounds. The difficulty 
of this suggestion lies, however, in the fact that gasoline is 
a mixture of compounds which differ widely in volatility, 
and the vapor pressure of the original gasoline bears no re- 
lation to the vapor pressure of the fraction which first, con- 
denses out on cooling a completely vaporized mixture. 
If, however, i t  were possible to secure any Considerable 
quantity of this fraction which first condenses out from 
(and hence is in equilibrium with) the completely vaporized 
mixture, measurements of its vapor pressure would ob- 
viously give the data desired. 

It might a t  first sight be assumed that the composition 
of the fraction which first condenses out would be the same 
as that which was last distilled off in an ordinary distillation; 
but this is far from being the case, as a little consideration 

I J. A m .  Chrm. SOL., 42 (1920), 426. 
2 Private communication from Dr. H. C. Dickinson. 


